Abstract: Cause and effect relations between Intravascular coagulation and increased vascular endothelial permeability have recently been recognized. The purpose of this study was to investigate the effect of high dose methylprednisolone on tissue edema formation and coagulation in canine legs subjected to venous occlusion. Eight mongrel dogs received 30mg/kg methylprednisolone administration intravenously. Eight additional days received normal saline as controls. Hind leg venous pressure was raised to 75mmHg continuously for 5 hours by a tourniquet around the thigh. Venous blood was sampled before tourniquet inflation, six times during tourniquet inflation, and 60 min after tourniquet ination. The sample blood was used for measurement of Sonoclot coagulation analysis, prothrombin time, and activated partial thromboplastin time. At each time of venous blood sampling, circumferences of 3 points of the distal part of the hind leg were measured to assess edema. Coagulation studies indicated initial hypercoagulability, and later hypocoagulability during venous occlusion in the control group. In the methylprednisolone-treated group, coagulation parameters remained unchanged throughout the study. Percent increases in circumferences as indices of edema formation were significantly less in the methylprednisolone-treated group than in the control group. The results suggest that inhibitory action of methylprednisolone on activation of the coagulation system secondary to venous occlusion may be a key factor in maintaining the integrity of endothelial permeability, resulting in less edema formation.
Introduction
Pulmonary edema can occur as one of the complications of hemorrhagic shock and blood transfusion1,2). One of the mechanisms of this type of edema is thought to be due to increased capillary permeability to proteins3). The study by van der Zee and Malik4) demonstrated that only dogs that had pulmonary Intravascular coagulation developed pulmonary edema after hemorrhagic shock. A pediatric size tourniquet was applied to the thigh of a hind leg, and was connected to a Shook tourniquet unit. Eight dogs were pretreated with 30 mg/kg methylprednisolone (MPS) by intravenous injection. Eight additional dogs received normal saline as controls. After control sampling of venous blood, the tourniquet was inflated to maintain saphenous venous pressure at 75 mmHg during the next 5 hours. No intravenous fluid was administered throughout the experiment. Venous blood was sampled from the saphenous venous catheter at 15, 30, 60, 120, 240 and 300 min after tourniquet inflation. After blood sample collection at 300 min, the tourniquet was deflated, and the last blood sample was collected 60 min after tourniquet release. At each sampling 4 ml of venous blood was withdrawn and immediately transferred to a plastic tube containing anticoagulant (3.8% sodium citrate in 9:1 volume ratio). PT was determined by the modified one-stage prothrombin time test using dried thromboplastin (Curtin Mathewson Scientific, Inc.). PTT was measured using Kontact (Curtin Mathewson Scientific, Inc.) as a reagent. PT and PTT were measured with duplicate determinations and the averages were used.
Measurement of Edema Formation
Edema formation (swelling) was measured as the change in hind leg circumference on three arbitrary lines as follows: 1) circumference of the line that passes through the carpometacarpal (CM) joint. 2) circumference of the line through the midpoint between the CM and the metacarpophalangeal (MP) joint. 3) circumference of the line that passes through the MP joint. Swelling was expressed as the percent increase in circumference.
Results were analyzed using analysis of variance followed by Duncan analysis for intergroup differences. A P value less than 0.05 was considered to be statistically significant. 2. PT and PTT PT and PTT (Fig. 3) were shortened significantly after the venous occlusion was started in the control group. Later, during venous occlusion, PT and PTT values were significantly prolonged. In the MPS-treated group, PT and PTT value remained unchanged throughout the venous occlusion.
Edema formation
Circumferences increased steadily and significantly during the course of venous occlusion (Fig. 4) . However, the increases in circumferences were significantly less in the MPS-treated group at all periods of measurement during venous occlusion. After tourniquet deflation, circumferences decreased precipitously, but still remained elevated compared to the baseline values. occlusion in canine legs. It is generally accepted that tissue edema develops mainly due to either increased intravascular hydrostatic pressure or increased endothelial permeability secondary to endothelial injury of various etiologies. It is apparent in our study that edema developed due to the increased transcapillary filtration secondary to the raised venous pressure. Since MPS should not affect edema formation due to the raised venous pressure, an observed difference in the degree of edema between two groups is most likely due to the development of permeability edema in the control group.
Egeberg11 showed that venous pressures up to 65 mmHg could induce activation of the coagulation system and the coagulation system was markedly altered when venous pressure reached 90 mmHg in the human forearm. Nillson and Robertson12)and Porani et al.13) reported that prolonged venous occlusion induces not only activation of coagulation, but also fibrinolysis. Larsson and Risberg1l) indicated that the venous occlusion-induced fibrinolysis is due to the release of plasminogen activators from the vascular wall. Therefore, the observed initial hypercoagulability and later hypocoagulability in the control group is reflecting, at least in part, change of the coagulation system, fibrinolytic system and coagulation factors. As is known, the coagulation and fibrinolytic systems form biological links with the kallikreinkinin system and the complement system15,16). Formation of bradykinin is one of the most important factors of edema formation17), In addition, change in the clotting system can be accompanied by the release of edemagenic humoral factors such as histamine4). Furthermore, intravascular coagulation results in the activation of leukocytes which can cause vascular injury leading to tissue edema18). It is, therefore, speculated that venous occlusion of 75 mmHg venous pressure produced tissue edema not only by increased microvascular hydrostatic pressure but also by increased vascular endothelial permeability particularly in the control group.
In the control group, blood initially became hypercoagulable and it later became hypocoagulable during venous occlusion. Such changes were entirely abolished by pretreatment with MPS. From these results, we can speculate that MPS has a protective effect on the coagulation system. The mechanism by which MPS interferes with coagulation changes is still not completely known. Latour and Renaud reported that corticosteroids inhibit the consumption of Hageman Factor (in rabbits)19) and platelets (in rats)20) after endotoxin administration.
Nelson and Taylor21) and Rosenberg et al.22) reported that corticosteroids in vitro prevent endotoxin-induced platelet aggregation and decrease the availability of Platelet Factor 3, a phospholipid procoagulant. The effect of hemorrhagic shock on pulmonary vascular permeability to plasma proteins. Surgery, 83:264-273 (1978) 
